Objective: Posttraumatic extracerebral fluid collections represent a heterogeneous group of conditions that have different terminologies but the same clinical and imaging features, benefiting from the same therapeutic modalities.
Introduction
Posttraumatic intracranial fluid collections have rarely been reported in the neurosurgical literature, although, with the implementation of modern imagery, their incidence has increased significantly. They represent a heterogeneous group of fluid collections which can be localized in the subdural space (hygroma, hydroma) or in the subarachnoid space (serous meningitis).
With a different pathophysiology, the two entities appear confounding on modern images.
This review focuses on subdural Adam Posttraumatic extracerebral fluid collections hygromas and serous meningitis and discusses clinical features and surgical treatment which are common to both conditions.
Patients and methods
All patients with posttraumatic extracerebral fluid collections diagnosed and treated in our institution were included in this study.
The patient's data was collected from hospital records and was retrospectively analyzed ( Table 1) .
The following clinical information was collected: age, sex, GOS score at admission, mechanism of injury, signs and symptoms and comorbidities.
The patients were investigated via CTscan at admission, which was repeated during hospitalization in case of worsening and also in postoperative period. There were taken into consideration: the size of the fluid collection, the midline shift and the coexisting brain injuries.
The treatment of the fluid collections was conservative for asymptomatic patients or for those with mild symptoms, with analgesics and hydration. It was administered in the neurosurgery ward or intensive care unit, depending on associated diseases requiring specific treatment.
Surgery was performed in cases of intracranial hypertension associated with altered consciousness, under general anesthesia by orotracheal intubation. The skull opening was performed with a trephine of 4.5 centimeters in diameter. After a star-shape opening of the dura mater and evacuation of the fluid under pressure, spontaneous and by suction, the dura mater was partially closed, the bone flap was restored and an epidural drain was left for 24-48 hours. CT-scan was repeated in postoperative period and also before discharge in all cases, even if the patient was not operated.
The patient's clinical outcome was recorded on GOS scale 3 months later, when he came at a follow-up visit.
Results
Forty-six patients with posttraumatic extracerebral fluid collections were diagnosed and treated over a 5-year period.
Irrespective of subdural or subarachnoid topography of fluid, the patients had similar clinical and radiological features. There were patients treated conservative (Group A) and patients treated by surgery (Group B). There were no differences in treatment modalities regarding the topography of fluid.
Demographics
There were a total of 46 patients. There were 36 males and 10 females. The youngest patient was 16 years old and the oldest was 94 years old. The average age of patients with posttraumatic extracerebral fluid collections was 68 years.
The distribution per decade of age is presented in Table 2 .
Radiological data
Brain CT scans were obtained from patients preoperative and postoperative.
CT-scan revealed a simple fluid collection, not associated with brain injuries, in 6 cases.
Brain injuries associated with fluid collection, shown on the CT scan are presented in table 3 and in figures 1-5. The fluid collection was unilateral in 21 cases and bilateral in 25 cases.
The fluid collection development appeared at a variable interval from the traumatic injury, between 24 hours and 50 days.
The relationship between the size of the fluid collection, midline shift, applied treatment and outcome was followed. Regarding the patients with conservative treatment, the size of the fluid collection in the axial plane was between 4 and 14 mm and the midline shift oscillated between 0 and 7 mm. There were 8 patients with 0 mm midline shift, 4 patients with 3 mm midline shift, 7 patients with 4 mm midline shift and 1 patient with 7 mm midline shift. In 10 cases, the midline shift was not mentioned. In 6 cases, the size of the fluid collection was not mentioned. In 13 cases regarding the group of patients treated conservatively, the hygroma was bilateral. The medical treatment was applied to 27 patients.
Regarding the patients who underwent surgery, the size of the fluid collection in the axial plane varied between 6 and 18 mm and the midline shift varied between 0 and 4 mm, but in most cases the midline shift was not mentioned. The decision to operate was made when neurological deterioration occurred. In 12 cases regarding the group of patients who underwent surgery, the hygroma was bilateral. 19 patients underwent surgery. Among these, in 12 patients the fluid evacuated after dura incision was citrine, in 2 cases it was clear and in 5 cases the color was not mentioned. In 7 patients it was observed the existence of a vascularised parietal subdural membrane, with a variable thickness, about 1mm, unaccompanied by the existence of a visceral membrane.
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Clinical outcome
The outcome regarding patients with intracranial fluid collections is presented in Table 4 . The causes of death, regarding the group of patients treated conservatively, were: liver failure associated with decompensated diabetes (1 case), exacerbation of chronic kidney disease (1 case), bronchopneumonia (1 case), and severe traumatic brain injury (2 cases).
In the surgical group, 2 patients died because of pulmonary complications (bronchopneumonia), 1 patient died because of an ischemic stroke and 2 died because of the association of the hygroma and a subdural hematoma.
Discussions
There is a terminological ambiguity regarding the designation of extracerebral fluid collections.
Subdural collections of fluid other than blood are referred to as sudural hygromas or hydromas.
The term subdural hydroma was first reported by Mayo [1] in 1894, but subsequently evolved into subdural hygroma or subdural effusion. Described initially by Payr [2] in 1916, the hygroma was separated as a nosologic entity under this name by Dandy [3] in 1932. There is considerable confusion about these entities. In Greek "hygros" means "wet".
The hygroma represents a fluid collection circumscribed in the subdural space, containing a xantocorm liquid which is bounded by a neomembrane [4] .
In the case of hydroma, the liquid is clear and the membrane is missing.
The serous meningitis is a circumscribed or diffuse accumulation of fluid located in the subarachnoid space. It is often confused with external hydrocephalus.
Between serous meningitis and hygroma/ hydroma there is only a difference of topography.
Although the fluid collections were identified at almost any age, there is a net movement of their occurrence over the age of 60. The youngest patient in our series was 16 years old and he was involved in a car accident. Mayo reported the case of o 12 year-old boy who, secondary to head trauma, developed o fluid collection overlying the left cerebral hemisphere.
The mechanism
As well as the chronic subdural hematoma (SDH), the hygroma develops in the subdural space. Chronic SDH derives from a subdural hygroma and vice versa.
The cerebrospinal fluid leaks through an arachnoid breach detaching the dural border cells layer and produces a subdural collection. Naffziger [5] discovered an arachnoid membrane rupture in 1924.
As well as the chronic SDH, hygroma has a membrane. It forms as a result of an inflammatory reaction which follows the initial injury. The inflammatory reaction is characterized by cellular proliferation in the dural border layer with formation of granulation tissue along with collagen fibers and blood vessels. The neo-formation membrane facing the arachnoid mater is avascular. The parietal side contains blood vessels. The subdural hygroma may evolve in a chronic SDH. Also the hygroma may represent the final stage of chronic SDH when the fluid is watery, contains no blood and is similar to the cerebrospinal fluid (CSF). In rare cases hygroma coexists with chronic SDH.
Serous meningitis is a fluid, compressive subarachnoid collection which causes intracranial hypertension. It is common in elderly adults and it develops in cases of external hydrocephalus and cerebral atrophy and it is bilateral in the majority of cases. The fluid collection fills the space between the atrophic brain and the arachnoid.
The tearing of the arachnoid is generated by kinetic energy and shear stress caused by the trauma. The hygroma increases in volume due to a valve mechanism in the arachnoid breach which allows unidirectional CSF flow from the subarachnoid space towards the outside when cough or sneeze occur or as a result of arterial pulse.
The interface tear between the dura mater and the arachnoid can also be a result of surgery [6] . This explains how hygroma can be secondary to a decompressive craniotomy or to a chronic subdural hematoma evacuation.
According to Schneider [7] , the subdural fluid is a plasma exudation resulting from high permeability of some blood vessels from the dura mater.
The trauma was mentioned in all of the cases in our series of 46 patients while the type of trauma was specified in 75% of the patients. The most frequent head traumas were those with the same level fall (n=22) occurring in elderly patients. In a single case the trauma was associated with a blood disorder secondary to thrombocytopenia. In elderly persons hygroma as well as chronic SDH may develop after a minor head trauma.
Occurrence
Fluid collections after head trauma have an occurrence of 5 to 21% [8, 9, 10] reaching 25-30% secondary to a decompressive craniotomy [11, 12] .
Signs and symptoms
The clinical picture of intracranial fluid collection is nonspecific. The signs and symptoms can be assigned to the trauma and not to a specific clinical entity.
Liquid collections occurred both as a result of minor head trauma and also secondary to severe head trauma.
In addition to cases with mild symptoms there were also cases presenting symptoms which progressed to worsening, the headache increasing in intensity. Moreover, some patients presented psychomotor agitation (21,7%) or were confused, disoriented (15%).
Medical history such as cerebral arteriosclerosis or stroke were factors in increased brain atrophy regarding the elderly; in addition we can observe that smoking and alcohol consumption are also risk factors, each found in 32% of patients with intracranial fluid collections.
Radiological investigations
Subdural fluid collections can be routinely detected through computerized tomography scans.
The CT-scan revealed the extracerebral collection as hypodense, with a density similar to CSF, uni-or bilateral. In our series of patients we came across bilateral collections in 54% of the cases.
In the axial plane the dimensions of the fluid collections varied between 4 and 15 mm. However, the midline shift did not increase accordingly -either as a result of the bilateral collection or because it developed overlying an atrophic brain in elderly persons.
The either surgical or conservative treatment was performed according to clinical status at admission or to its following evolution, as well as according to the axial dimensions of the fluid collections; the midline shift was a minor contributing factor for surgical treatment.
The majority of the patients were treated conservatively and showed improvement as a result of hydration and neuroprotective treatment.
Hydration along with intracranial hyper-tension allowed the fluid collections to resolve spontaneously along with brain expansion. 41% of the patients underwent surgical evacuation of the fluid collections.
The surgery was a trephine craniotomy -4,5 cm in diameter, star shaped section of the dura mater and under pressure evacuation of the subdural fluid.
CT-scan images revealed different aspects:
•complex unilateral hygroma •simple bilateral hygroma •complex bilateral hygroma which after the evacuation of fluid collections from one side became a chronic subdural hematoma of the opposite side
•chronic bilateral subdural hematoma; a unilateral hygroma occurred after its evacuation
•initially small hygroma which became thicker -SDH occurred on one side and on the opposite side chronic SDH was associated with an underlying hygroma The CT-scans highlighted the extracerebral fluid collection/collections and any potential brain damage but they did not differentiate between a hygroma, hydroma, serous meningitis or the final phase of a chronic SDH.
Differential diagnosis
There have been attempts to differentiate subdural hygroma from chronic SDH based upon fluid characteristics.
The hygroma fluid contains prealbumin found in CSF but not in subdural hematoma [13] . The hygroma fluid has a content of less than 106 RBCs/ml while in the subdural hematoma the quantity of RBCs/ml (Red Blood Cells /ml) is bigger [14] .
Management and outcome
The majority of the extracerebral subdural collections is asymptomatic and progressively or spontaneously disappears. Regarding post decompressive craniotomy hygroma, Aarabi et al [12] observed that the hygromas appear in the first postoperatory week; they reach maximum volume in the 4th week and disappear around the 17th week. As far as the symptomatic hygromas are concerned, the clinical improvement advocates in favor of conservative treatment.
Patients with complex hygromas require clinical and imagistic follow-ups and a symptomatic treatment of underlying cerebral damage.
Operative decision making is based upon change in the patient's state of consciousness associated with growth of hygroma.
Mass effect defined by a midline shift bigger than 5mm is not always a good indicator of surgery; hygromas are of high occurrence among the elderly, along with cerebral atrophy and external hydrocephalus. A cerebral damage with an edema may create a false impression of subdural fluid collection on the initial CTscans.
One of the patients in our series had a 7mm shift and evolved favorably under conservative treatment. Furthermore, among the group that underwent surgery there were patients with a shift smaller than 5mm and required surgery.
The surgery was in all cases a trephine craniotomy with a diameter of 4.5 cm. This allowed a better view of the operative field and an accurate hemostasis of the dura and parietal membrane.
The general mortality of the entire series was 21.7% -18.5% in the medical group and 26.3% in the surgical group (figure 6).
Causes of death were the pre-existing medical conditions that were uncompensated by occurrence of pulmonary complications in elderly patients or cerebral ischemic complications. Two patients who were medically treated deceased after suffering severe head trauma.
Mortality is more related to additional brain lesions or to systemic complications during hospitalization than to hygroma itself.
Conclusions
Posttraumatic extracerebral fluid collections can be generally found under varied terminologies. There are no differentiating imagistic aspects and no characteristic symptomatology for hygroma, hydroma or serous meningitis; thus, a terminological uniformity is necessary in the form of extracerebral fluid collections or plainly, hygroma.
Hygroma diagnosis is performed through CT-scans of all of the patients with craniocerebral trauma at admission and depending on the evolution, scans are repeated during hospitalization and at discharge.
The majority of patients whose CTscans show extracerebral fluid collections are asymptomatic and the fluid collections are eventually spontaneously resolved.
Surgery is indicated when the clinical picture shows neurological damage.
Evacuation of subdural fluid collections can be performed through various methods. We prefer trephine craniotomy which allows a better view and an accurate hemostasis.
Mortality is in most cases caused by associated cerebral damage or systemic complications.
